INTRODUCTION
The importance of external knowledge sources to firm level innovation has been well established (Cohen and Levinthal, 1989) . In recent years, a significant body of research has focused on how 'openness' influences a firm's innovative performance. According to Chesbrough (2003, p. XXIV) "open innovation is a paradigm that assumes that firms can and should use external ideas as well as internal ideas, and internal and external paths to market, as firms look to advance their technology." It is based on the premise that external sources and actors provide the firm with new information which helps the firm to achieve, and sustain innovation (Chang et al., 2012; Escribano, Fosfuri, and Tribó, 2009; Leiponen and Helfat, 2011; Nieto and Santamaría, 2007; Sidhu, Commandeur, and Volberda, 2007) . These types of studies focused mainly on the success of openness, neglecting the disadvantages of openness (Dahlander and Gann, 2010; Huizingh, 2011; West and Bogers, 2013) . However, some studies indicate that open search strategies are only beneficial until a certain point (Belderbos, Faems, Leten, and Looy, 2010; Laursen and Salter, 2006) or even identified a negative relationship between openness and performance . In the face of these opposing findings, the effects of openness remain ambiguous and point to a need to further clarify this relationship.
In this paper, we argue that these ambiguous results could be explained by considering the context in which openness occurs.
The value of open innovation may be contingent on the context a firm operates in (Huizingh, 2011) . For instance, Hsieh and Tidd (2012) , analyzed openness in a different context, namely services sector and the degree of novelty of the innovation. Cruz-González et al. (2015) focused on the moderating role of environmental dynamism on the relationship between openness and firm performance in Spain. Hung and Chou (2013) considered the role of environmental turbulence upon openness and performance in Taiwan.
However, when considering open innovation, an even more salient contextual aspect is the quality and quantity of the external resources to which a firm is opening up. The external sources should provide the firm with new ideas and help achieve innovation, as highlighted in the definition. Hence, if external knowledge sources are scarce in a firm's environment, openness could have a less favorable effect. We suggest that the success of openness largely depends on the availability of knowledge within the region in which the firm is active.
We focus specifically on regional knowledge availability for two reasons. First, innovation is a knowledge-based activity for which external knowledge is useful. It has been argued that openness gives a firm access to external actors and sources that provide a firm with new knowledge (Laursen and Salter, 2006) . This suggests that openness is only relevant if there is knowledge available to which a firm can open up. Roper, Vahter and Love (2013) have already studied whether spillovers of openness have a positive effect on innovative performance.
Notwithstanding a direct effect of knowledge availability on innovative performance, we will explicitly argue how the availability of knowledge moderates the relationship between openness and innovation. We argue that the availability of knowledge influences the costs and benefits of openness, and eventually the relationship between openness and innovation. Second, we focus specifically on regional knowledge availability. Already since 1890, Marshall pointed out that geographical proximity promotes knowledge exchange and hence the region in which a firm is located matters. Since then, numerous studies have indicated that knowledge does not flow freely and costless to anyone and anywhere, but it tends to stick to the geographical region in which it was generated (Jaffe, Trajtenber, and Henderson, 1993; Owen-Smith and Powell, 2004; Singh and Marx, 2013) . In other words, knowledge tend to spread within specific geographical locations (Feldman, 1994) . Hence, there is substantial heterogeneity in knowledge availability across different regions, indicating that some regions contain more knowledge than others. Therefore, the region in which a firm is located matters for its access to knowledge.
We argue that regional knowledge availability influences both the costs and benefits associated with openness. The benefits refer to the value of knowledge flowing into the firm, while the costs are associated with the efforts put into searching, monitoring, and interacting with relevant external knowledge sources (Chen, Chen, and Vanhaverbeke, 2011; Faems et al., 2010; Oerlemans, Knoben, and Pretorius, 2013; Sisodiya, Johnson, and Grégoire, 2013) .
Previous studies focused mainly on the benefits of open innovation, neglecting the costs associated with openness (Badawy, 2011; Praest Knudsen and Mortensen, 2011 ). Yet, it could be that the costs associated with openness will exceed its benefits if knowledge availability is low. The search costs will increase and the value of knowledge flowing into the firm will be lower. This would imply that in some environments, it could be even better to be closed for innovation.
We examine this unresolved issue in five developing countries, namely Bangladesh, Ghana, Kenya, Tanzania, and Uganda. These five different countries are chosen for several reasons. First, these countries show a broad variety on the availability of knowledge, which makes it a useful context to test our ideas. Second, firms in developing countries can catch up by introducing innovations, which will spur firm-level growth and productivity (Amman and Cantwell, 2012; Bell and Pavitt, 1993; Goedhuys, Janz, and Mohnen, 2008; Katz, 1986) .
Therefore, research about the driving forces of innovation is much needed. Third, it has been argued that in developing countries external linkages are especially important, because these linkages act as an informal mechanism to share knowledge and risks (Egbetokun, 2015; Goedhuys, 2007 ). Yet, the empirical evidence of the importance of those linkages is scarce (Egbetokun, 2015; Goedhuys, 2007) . Finally, most studies about open innovation have taken place in developed countries (West et al., 2014) , while exploring other contexts is important for external validity of the concept as well (Chesbrough and Crowther, 2006; Dahlander and Gann, 2010) . Moreover, it generates a different perspective on management research in developing countries in general (George et al., 2016) , and the role of open innovation in particular. By addressing how regional knowledge availability influences the relationship between openness and innovation, we fill a gap in the open innovation literature. Doing so is important as the open innovation literature lacks insights into whether the context in which a firm is active influences the relationship between openness and innovation (Hsieh and Tidd, 2012; Huizingh, 2011; Hung and Chou, 2013) .
To foreshadow our main empirical results, we find that regional knowledge availability indeed influences the success of openness. We combined three different surveys conducted by the World Bank to come up with a unique dataset to test our theoretical ideas. Based on an analysis of 683 firms in Bangladesh, Ghana, Kenya, Tanzania, and Uganda we find that in regions with a high knowledge availability the relationship between openness and innovation is similar to the one found in Western countries, which adds to the external validity of this relationship. However, we also find that in regions with moderate or low knowledge availability it might be wiser to be closed for innovation.
THEORETICAL FRAMEWORK

Open innovation
The concept of openness is based on the idea that the innovativeness of a firm largely depends on the capability of a firm to exploit external knowledge and combine it with internal ideas (Chesbrough, 2003) . Openness refers to the ability of a firm to connect with other actors and to develop connections in order to make use of external sources and ideas (Chesbrough, 2003; Sakkab, 2002) . The interactions with other sources are embedded within communities and networks in which different actors work together and supply ideas and knowledge to each other (Laursen and Salter, 2006) . In such a model internal expenditures on R&D complement the knowledge inflow from external knowledge sources Levinthal, 1990, Hung and Chou, 2013) . If firms are too focused on their internal process, they will miss opportunities and lock-in will occur with their current way of doing business (Uzzi, 1997) . In this study, openness refers specifically to the inflow of knowledge due to external search. It has been argued that firms that invest in external search will have a greater ability to adapt to changes whenever necessary by innovating (Leiponen and Helfat, 2010) . Laursen and Salter (2006) were one of the first to quantitatively measure openness. They differentiate between external search breadth and depth. These two concepts refer to which extent a firm invests in broader and deeper external search. External search breadth is defined as 'the number of external sources or search channels that firms rely upon in their innovative activities' (Laursen and Salter, 2006, p. 134) . External search depth refers to 'the extent to which firms draw deeply from different external sources or search channels' (Laursen and Salter, 2006, p. 134) . Since this seminal paper, several studies investigated the relationship between these two concepts of openness and innovation, but the amount of large N-studies is still limited (Cassiman and Valentini, 2016) . Some examples of recent studies from mainstream management journals are Garriga, Krogh, and Spaeth (2013) that partly replicated the study in Switserland, and found an inverted U-shape as well. Another example is the work of Chiang and Hung (2010) which elaborate on open innovation in Taiwan. They establish a positive relationship between search breadth and radical innovation, and between search depth and incremental innovation. Belderbos et al., (2010) found an inverted U-shaped relationship between openness and financial performance for European, Japanese, and US firms.
These contributions mainly stress the benefits of openness. However, in a literature review, Dahlander and Gann (2010) suggests that there are also costs associated with opennes, which may result in a negative relationship between openness and performance. Other scholars have recently pointed out that the usefulness of openness may be contingent on the context (Di Benedetto, 2010; Hsieh and Tidd, 2012; Huizingh, 2011) and our research sheds some light on this dependency. This clarifies in which context it may be more beneficial to open up.
Regional knowledge availability
The importance of regional knowledge for innovation has been discussed in several streams of literature, captured under the umbrella term Territorial Innovation Models (Moulaert and Sekia, 2003) . All these models indicate that the region is crucial for the creation and diffusion of knowledge and finally innovation. The region is an important element, because it ensures colocations of firms which facilitates inter-firm interactions and linkages among these firms (Reuer and Lahiri, 2014) . The transfer of knowledge depends on physical distance, because exchanging knowledge over long distances is more costly. Knowledge can be shared and updated more easily by co-location of different actors, which results in a certain understanding of new information (Bathelt, Malmberg, and Maskell, 2004) . Hence, being located in the same region has the advantage that knowledge can be easily transferred (Bottazzi and Peri, 2001; Morgan, 2004) . Several empirical studies indeed showed that knowledge is bounded by geographical distance and innovative activities are regionally concentrated (Audretsch and Feldman, 1996; Jaffe et al., 1993; Singh and Marx, 2013) .
We define regional knowledge availability as the degree to which knowledge is created and shared within a region. Both elements contribute to knowledge availability within a region.
The former element refers to new knowledge created within a region, which is a key element for innovation (Hekkert et al., 2007) . In addition, knowledge should be diffused within a region in order to be available to other actors. The diffusion and exchange of knowledge with others,
give actors the possibility to combine knowledge (Audretsch and Feldman, 1996) . A region which lacks one of these two elements, will not have a lot of knowledge available useful for firms.
In order to explore how regional knowledge availability influences the relationship between openness and innovation, we first conceptualize why an inverted U-shape exists. An inverted U-shape is based on two latent functions which are combined additively 1 to explain the inverted U-shape (Haans, Pieters, and He, 2015) . The two functions accounting for the inverted U-shaped relationship refer to the costs and benefits associated with openness of firms.
We will explicitly theorize how these functions differ depending on the availability of knowledge in the region in which the firm is active. We expect that cost and benefit functions of breadth and depth differ and behave differently in different contexts; therefore we will treat them separately.
Hypotheses
Breadth
Recall that external search breadth refers to 'the number of external sources or search channels that firms rely upon in their innovative activities' (Laursen and Salter, 2006, p. 134 ). An inverted U-shape has been established to describe the relationship between external search breadth and innovative performance (Laursen and Salter, 2006) . The idea behind the inverted U-shape rests upon the assumption that a firm will encounter new ideas from within and outside the industry. These ideas are used within the firm to solve problems and recombine it with existing knowledge. This enhances the innovative output (Katila and Ahuja, 2002) . However, at a certain point 'over-search' kicks in, resulting in a negative relationship between external search breadth and innovative performance from a certain level of search breadth onwards (see figure 1 ).
1 Or multiplicatively, which is not the case with openness.
This over-search is related to three problems related to the firm's external search breadth strategy (Koput, 1997) . The first problem relates to the absorptive capacity of a firm, which supports a firm to understand external knowledge (Cohen and Levinthal, 1990; Zahra and George, 2002) . If a firm over-searches, too many ideas flow into the firm and the firm encounters difficulties in managing all these ideas. For instance, it becomes difficult to choose which source fits best within the firm, because the amount of information is overwhelming (Gales and Mansour-cole, 1995; Koput, 1997; Laursen and Salter, 2006; Powell, Koput, and Smith-doerr, 1996) . Second, a timing problem may arise. This means that many ideas are not received at the right time or at the right place, which makes it impossible to implement new ideas (Koput, 1997; Laursen and Salter, 2006) . Third, an attention problem could occur, which means that there are so many new ideas flowing into the firm, that almost none of these ideas are used properly. The firm has difficulties choosing which ideas should be treated with attention and implemented seriously (Laursen and Salter, 2006; Ocasio, 1997) .
These three reasons explain why there is a point at which a firm overuses its external search breadth strategy, which makes it difficult to benefit from new knowledge and transform it into innovative output (Laursen and Salter, 2006) . Thus, technically speaking, the benefit curve of external search breadth reflects diminishing marginal returns, captured in a concave benefit curve (see figure 1 , part A).
Although most studies have focused on the benefits associated with external search breadth, there are also costs involved (Chen et al., 2011; Cruz-González et al., 2015) . The costs associated with external search breadth reflect the time and effort spend on scanning the environment (Oerlemans et al., 2013) , and the costs associated with information search and partnering (Sisodiya et al., 2013) . Moreover, the more diverse the set of external sources becomes, the more difficult it becomes to manage these sources, because it requires a variety of management skills . The more time and resources a firm uses for search breadth, the higher the opportunity costs. At first, the time and resources allocated to search breadth, suit the purpose well. However, the more time and resources are allocated to search breadth, the higher the opportunity costs. The time and resources at this higher level, are not as well suited for search breadth as the time and resources allocated to lower level of search breadth, resulting in a convex cost curve (see figure 1 , the upper part (high)). Even if the opportunity cost do increase rapidly, but only gradually, we would still found an inverted Ushape due to the concave benefit curve.
Summarizing, there a three different forces that underlie the inverted U-shaped relationship between breadth and innovation. The first one is the positive relationship between breadth and benefits. The second is related to over-search, where the benefits start to increase at a decreasing rate. Third, a convex cost curve due to increasing opportunity costs. The combination of a concave benefit curve and a convex cost curve implies that the external search breadth has an inverted U-shaped relationship with innovation.
Yet, we expect that the relationship between external search breadth and innovative performance is contingent on the availability of knowledge within a region. We propose that this influences the relationship between breadth and innovation by impacting the costs and benefits of search breadth. First, we expect that lower regional knowledge availability may lead to lower benefits. If regional knowledge availability is lower, it indicates that there are less regional knowledge sources available within the region and the potential pool of knowledge in which a firm can search is lower (Sidhu, Volberda, and Commandeur, 2004) . Thus at every level of search breadth, a firm in a region with lower knowledge availability will encounter less knowledge resources, resulting in less new information to solve problems and fewer opportunities for recombination. This is reflected in a downward shift of the benefit curve at every level of search breadth (see figure 1 , the lower part (low)).
Second, lower regional knowledge availability may influence the point at which a firm overuses its external search breadth. The lower the regional knowledge availability, the less likely it is that the overwhelming effect will occur, because there is just not a lot of knowledge available. The over-search-effect does not have to occur if not a lot of knowledge is flowing into the firm (Katila and Ahuja, 2002) . Thus although a firm may have high levels of search breadth, it will not be overwhelmed by new knowledge and ideas flowing into the firm if regional knowledge availability is lower (see figure 1 , the lower part (low)).
Third, we expect that the costs of search breadth will be higher at every level of search breadth and the cost curve will shift upwards. The costs depend on the context in which the firm is active (Cruz-González et al., 2015)(). It will take more time and effort to scan the environment for relevant resources, because those resources are more difficult to find in an environment where knowledge availability is scarce. In addition, partnering cost will increase.
It will be more difficult to find partners with a common ground, which makes it more difficult to exchange knowledge (Sisodiya et al., 2013) . Thus at every level of search breadth, the cost will be higher if regional knowledge availability is lower.
Summarizing, if regional knowledge availability is lower, the cost of search breadth are higher, the benefits are lower and over search will occur at a later stage, resulting in lower innovative performance at every level of search breadth, a flattening of the curve and the tipping point occurring at lower levels of search breadth (see figure 1 , the lower part (low)).
In the extreme case, if there is almost no knowledge available, search breadth could even have negative effects on innovative performance. Although a firm may use external search breadth, it will hardly find new information if there is very little knowledge available within the region. Therefore, the benefits of external search breadth will be close to zero. The benefit curve will shift further downwards. However, a firm still has to spend time and resources on search breadth, resulting in an upward shift of the cost curve. This results in a situation in which the costs could be higher than the benefits. Thus, a negative relationship between search breadth and innovative performance could emerge if regional knowledge availability is really low.
Hence, we propose the following hypothesis: 
Depth
External search depth is the 'extent to which firms draw intensively from different search channels or sources of innovative ideas' (Laursen and Salter, 2006, p. 136) . Firms that draw deeply from external sources will become more innovative. These firms are able to exchange and collaborate with external actors, which gives the firm the opportunity to establish a relationship in which a firm can optimize its interaction with other actors (Laursen and Salter, 2006) . However, building and maintaining these relationships requires costs, such as time, resources, effort and attention Laursen and Salter, 2006) . Hence, firms that exhibit too many deep relationships with many external partners may result in lower innovative performance (Laursen and Salter, 2006) . These two aspects of external search depth account for the inverted U-shaped relationship between depth and innovation. Explicitly considering the latent cost and benefit functions, we propose that costs rise more rapidly if the level of external search depth increases, while the benefits increase only gradually (see figure 2, the upper part (high)).
The benefits of external search depth relate to the intense interaction between actors, which stimulates learning, and innovation. A prerequisite for interactive learning between two partners is the organizational proximity of the other partner (Oerlemans and Knoben, 2006) .
Ensuring that the collaborating partners have a similar organizational context, spurs mutual understanding. As such, organizational proximity enhances the transfer of knowledge between the interacting partners. A firm benefits the most if the other partner is not too proximate and not too distant to the own organization. If the other actor is really proximate to the firm, it does not provide the firm with any new knowledge. On the other hand, the other actor should not be too distant to the organization, because that makes it more difficult to understand new knowledge (Nooteboom, 2000) . Potential partners will differ in their organizational proximity (Boschma, 2005) and we expect that a firm will first collaborate with the partner that fits best.
Hence, the more external sources a firm uses the more distant in terms of similarity of knowledge bases the source becomes, which makes it harder to integrate and benefit from these sources (Dahlander and Gann, 2010) . Thus, the usefulness of the knowledge that flows into a firm will be less when the number of actors increases, resulting in a concave benefit curve where the benefits will increase at a decreasing rate.
The costs related to search depth refer to costs such as time, effort and resources that a firm has to invest in establishing and maintaining a relationship. These costs will increase when search depth increases. The arguments are similar to the benefits of search depth. If the level of search depth increases, the chance that an extra actor is more distant to the firm increases. Hence, the more distant the other actor is, the more a firm needs to apply a complex and costly integration system, such that the information becomes understandable within the firm (Chen et al., 2011; Cohen and Levinthal, 1990; Hung and Chou, 2013; Todorova and Durisin, 2007) . In addition, it is argued that as a firm collaborates intensively with different partners, a firm increasingly needs to dedicate time and resources to manage potential synergies and conflicts among different partners Hoffmann, 2007; Kale, Dyer, and Singh, 2002; Parise and Casher, 2003) . Finally, the time and resources that are used to search deeply will increase, due to an increase in opportunity costs. Thus, according to the above argumentation, the costs increase at an accelerating pace, which results in a convex cost curve.
This convex cost curve together with a concave benefit curve accounts for the inverted U-shape (Haans et al., 2015) . Thus the inverted U-shape of external search depth and innovation consists of two processes, one in which the increase in benefits exceed the increase in costs of external search depth until the turning point where the costs start to increase more than the benefits (see figure 2 , the upper part (high)). Even if the cost curve is linear, a inverted U-shape would be established. Yet, we propose that the costs and benefits are contingent on the availability of knowledge resources within the environment. Thus the costs and benefits of external search depth change over the amount of external search depth that a firm uses and the availability of regional knowledge, which eventually influences the relationship between depth and innovation.
In an environment where knowledge availability is low, the costs of finding a beneficial partner will be higher, because there are less partners available. Thus a firm needs to search better for specific knowledge and a lot of resources must be used to get access to this knowledge (Garriga et al., 2013) . The partners that are available could be less aligned with the firm's strategy. The organizational proximity will be lower and hence, the cost of establishing and maintaining such collaboration will be higher (Knoben and Oerlemans, 2006) . Moreover, in a region where knowledge availability is low, it could be fairly easy to find a first partner to collaborate with. However, to find an extra partner to collaborate with, will become more difficult, because the knowledge pool to tap from is smaller. Thus a firm needs to spend more time and resources on finding an extra partner to collaborate intensively with. Hence, the higher the external search depth, the higher the increase in extra costs (Hansen, 1999) , especially in regions where knowledge availability is lower. Thus the cost will increase at an accelerating pace.
In a similar vein, the benefits of this collaboration will be lower at every level of external search depth, because the chance that an available partner fits perfectly is lower than in a knowledge rich environment. In other words, the chance that a partner has something to offer will be lower, because there are just not so many useful knowledge resources available within the region. Thus the benefit curve will shift downwards, as at every level of search depth, less useful knowledge will flow into the firm compared to a knowledge rich environment. Moreover, the flattening of the curve will occur sooner, because there are less partners available to collaborate with compared to a knowledge rich environment.
The shift of the cost and benefit curve results in a situation in which a firm will sooner encounter the point where the increase in costs of finding a relevant partner exceeds the increase in benefits. Hence, the turning point of the inverted U shape will occur sooner. Moreover, the inverted U-shaped relationship between external search depth and innovative performance will be flatter in a region where knowledge availability is lower. This is due to the higher costs at every level of search depth and the lower benefits at every level of search depth in a region in which knowledge availability is lower. In the extreme case, it could even be that the cost are higher than the benefits at every level of search depth, if knowledge availability is extremely low. This could result in a case where the cost curve lies above the benefit curve at every level of search breadth, resulting in a negative relationship between depth and innovative performance.
Therefore, we propose the following hypothesis: 
DATA AND METHODS
The data for the analysis are drawn from several surveys conducted by the World Bank. We Bangladesh, Ghana, Kenya, Tanzania, and Uganda. The combination of these surveys conducted in these countries give us a unique dataset about the openness of firms in those countries. We took the opportunity to combine these dataset, such that we could analyze the relationship between openness and innovative output and control for certain variables in these five countries. The combination of different surveys limits the problem of common methods bias. Furthermore, the combination of surveys resulted in a dataset with a time lag between the dependent and independent variables. This reduces the problem reversed causality and endogeneity, and strengthens the internal validity of our study.
The World Bank uses stratified random sampling as sampling methodology. 
Dependent variable
To measure the innovative performance of firms, we used the percentage of the firms' total sales that was represented by sales from its main innovative product or service in 2012 (Innovation Module). Traditional measures of innovation output used variables such as patent statistics, but patents refer to innovations that are sufficiently new and may not be introduced (Mairesse and Mohnen, 2010 ). Yet, a survey measure offers a direct indication of the success of commercialization of the innovation, which has often been used in prior studies about open innovation (e.g. Garriga et al., 2013; Laursen and Salter, 2006; Leiponen and Helfat, 2010; Roper et al., 2013) .This perception based measure of innovation is highly reliable and correlates heavily with other (objective) measures of innovation outcomes (Hagedoorn and Cloodt, 2003) .
This variable is highly skewed and is therefore better represented by a lognormal distribution.
Hence, we used the logarithmic transformation of this variable.
Independent variables
2 For more information about the methodology and sampling see: www.enterprisesurveys.org.
We followed the procedure of Laursen and Salter (2006) to construct two variables, which measure the openness of firms (using the Innovation Capabilities Survey). The first one measures the breadth of openness of firms and is constructed of the nine sources of knowledge or information for innovation (see table one). Each source is coded as binary variable, zero indicating that the source has not been used between 2010 and 2012 and one indicating that the source has been used in the period 2010 and 2012. These sources are added up, such that each firm gets a score between zero and nine. Zero indicates that a firm has not used any source and nine that it has used all sources. Thus the higher the number, the more open in terms of breadth a firm is. We used the quadratic term to test whether a curvilinear relationship exists.
-------------------------------------------INSERT TABLE 1 HERE-------------------------------------
Depth indicates how intensively a firm uses the different sources of information. The same nine knowledge sources are used in constructing this variable. The source is coded as one if the firm indicated that the source is very important and zero if the source is not or moderately important. Thus, a higher score on this variable implies that a firm is more open according to its search depth. We used the quadratic term to test whether a curvilinear relationship exists.
As conceptualized, regional knowledge availability refers to the knowledge available within a region. The regions that we consider are based on the regions as indicated by the Enterprise Surveys of the World Bank. These regional divisions are based on the regions containing the majority of economic activity. 3 Regional knowledge availability consists of knowledge produced within a region and if actors are willing to share this knowledge, such that knowledge can diffuse within a region. Hence, we constructed a new regional variable that incorporates both elements. The knowledge produced within a region is measured as R&D activities in a region, which is the percentage of firms conducting R&D within the region.
Previous studies used technological innovation (Knoben et al., 2016) , patenting or R&D expenditures to measure knowledge creation, but they all correlate highly (Hagedoorn and Cloodt, 2003) . Hence, R&D is used as a proxy for regional knowledge creation. The second component of regional knowledge availability is the openness within a region, which reflects the diffusion of knowledge. Previous studies used firm-level openness as indictor of knowledge spillovers (Crespi et al., 2008; Roper et al., 2013) . In line with these previous studies, we measured regional openness as the weighted average percentage of depth and breadth within a region. In order to calculate the regional knowledge availability, we multiplied the percentage of R&D within a region with the percentage of openness times 100 percent.
To give an example, if a region would have a mean of nine on breadth, we would measure it as 100 percent open on breadth and a score of 4.5 on depth we would score it as 50 percent open on depth. We then calculated the average, which would be 75 percent in this case.
The next step is to multiply this measure with the percentage of firms conducting R&D in that region, for instance 27 percent. The final score for regional knowledge availability would then be 75 times 27 divided by 100 percent 20.25. A robustness check was carried out for this measure of regional knowledge availability. We constructed two other variables measuring regional knowledge availability by only taking breadth or depth instead of the average of both.
We found statistical significant results and the sign and size of the coefficients are similar.
Given that the measurements of regional knowledge availability have similar results, we chose to only report the results of the most complete measurement, which is calculated as the percentage of R&D times the percentage of openness times 100 percent (see table two).
Control variables
We included an 'R&D dummy' measuring whether a firm conducted R&D (one) or not (zero), to control for the effect of R&D on innovation. It reflects the firm's internal absorptive capacity to generate and process knowledge (Cohen and Levinthal, 1989) .
'Firm size' is measured by the natural log of the number of full-time permanent employees of the firm. We control for the size of the firm as generally bigger companies have more resources at their disposal can more easily free up personnel and resources for innovative activities (Hansen, 1992) .
'Firm age' is measured as the natural logarithm of the number of years that the firm exists, determined by asking for the establishment year of the company and subtracting this from the year in which the survey was performed. We control for the age of the company as it is often argued that older companies are more inert and less flexible and will therefore be less likely to innovate (Hansen, 1992) .
We control for foreign ownership, 'foreign owner', which is measured as the percentage of the firm owned by private foreign individuals, companies or organizations. We control for foreign ownership, because it indicates if a firm has link within the global value chain. This could influence the information that a firm receives when opening up as well as the innovative output.
We control for the largest geographical market at which a firm sells its products. It consists of three categories, the local, national or international market. We create two dummy variables and the internal market is the reference category. 'Local market' is coded as one if the largest perceived market is the local market and zero otherwise. 'National market' is coded as one if the largest perceived market is the national market and zero otherwise. The market at which a firm sells its product could influence innovation as well, because access to different markets is a mean to get novel information or technological knowledge (Kafouros, Buckley, and Sharp, 2008) . In addition, it could influence the information the firm receives when opening up. If the firm is active at the international market, it could receive different information than when the firm is only active at the national market.
We included 'country and industry dummies', to account for differences across countries and industries. We also included capital dummies to account for regional differences between capital and non-capital regions. A capital region is a proxy for the better infrastructure, universities and multinational companies that will mostly settle in capital regions.
Method
We used a Tobit analysis, because the dependent variable is a percentage of innovative sales and ranges per definition form 0 to 100%. Moreover, the data is skewed to the left and this violates the assumption of a normal distribution. Therefore, we log-transformed the dependent variable such that the range lies between 0 and LN(1+100) and solve the problem (Papalia and Di Iorio, 2001 ). We used probability weights as indicated and presented by the World Bank 4 , while estimating the regressions. This allows us to make inferences on the population of nonagricultural private manufacturing firms in our five countries.
To test the interaction effects of the regional available knowledge on the relationship between openness and innovative performance, several interaction variables have to be introduced within the models. To prevent any multicollinearity, we have mean centered the variables before calculating the interaction terms. This solved the problem of multicollinearity as indicated by the VIF estimates. Our error terms could be correlated within industries, to solve this problem we accounted for clustered standard errors when testing the models. Laursen and Salter (2006) , Garriga et al., 2013 ) the mean of breadth is comparable to the mean that these studies report. However, the score on depth is higher in our sample, in developed countries the score is around 0.96 with a maximum of 16 (six percent), which indicates firms in developing countries collaborate with more partners intensively in comparison to developed countries. This suggests that search depth is more important in those countries.
RESULTS
Descriptives
The bivariate correlations are well below the threshold at which multicollinearity becomes a problem (Verbeek, 2004) , except for the correlation between breadth and depth. We checked for multicollinearity after estimating the model, using VIF tests, which showed that it is not a concern. indicating that these are the most often used sources. There is also some hierarchy in the sources used. At low levels of search breadth, customers feedback is the source mostly used. While universities are only considered when the level of search breadth increases. Search depth shows a similar pattern. The most often used sources are customers feedback, products or services available in the market and also the internet. At low levels of search depth, customers are an important source and only at higher levels of search depth, consultancy firms and universities are considered for collaboration. INSERT TABLE 3 AND TABLE 4 Table two reports the regions, total knowledge availability, R&D average, mean of breadth and depth within each region. The correlations reported in table two indicated that regional knowledge availability does not correlate highly with breadth (0.35) an depth (0.28).
-------------------------INSERT TABLE 2 DESCRIPTIVE HERE-------------------------------------
----------------------------
HERE---------------------------------
Table two also shows that there does not seem to be an endogeneity problem between regional knowledge availability and breadth and depth. In regions where regional knowledge availability is high, it does not necessarily result in a high score on breadth and/or depth . When considering the scores of breadth and depth within a region, we found considerable variation between the search breadth and depth used by firms. This all points into the direction that search breadth and depth are not determined by the regional knowledge availability. There is quite some spread (see table two ). In our sample, the lowest regional level of R&D is 2.63 percent and the highest 40.54 percent , and the average level of R&D is 21.08 percent. This indicates that R&D and the knowledge availability within regions in developing countries is lower compared to developed countries. In addition, it supports our claim that the variation between regions in our sample is higher, compared to developed countries. This underpins the idea that the context of developing countries is in particular suited to test our theoretical ideas, due to the high variation between regions.
Results
The results of the Tobit models are presented in table six. We first estimated a baseline model (model one) with only control variables. Subsequently, we introduced the linear effects of breadth, depth and regional knowledge availability on innovative performance (model two).
We added the squared terms of breadth and depth to test for the inverted U shaped relationship (model three). Finally, we introduced the moderating effect of the availability of regional knowledge (model four). The additions in every model results in an improvement of the model in terms of the log-likelihood reduction, a decrease in the sigma, which indicates a more accurate estimation (i.e. it represents the estimated standard error of the residuals).
The baseline model indicates that R&D has a positive and significant relationship with innovative performance. The size of the firm and if the firm uses ideas from its customers are not significantly associated with innovative performance. The geographical market to which the firm sells its products, foreign ownership and if the firm is located within the capital region do have a significant relationship with innovative performance.
In the second model, we introduced the linear relationships between breadth, depth and regional knowledge availability with innovative performance. Surprisingly, breadth has a significant negative relationship with innovative performance (b = -0.028, p = 0.025). This is a first indication that openness has a different effect in a developing countries. Depth (b = 0.058, studies, which found an inverted U-shape relationship (Laursen and Salter, 2006) . This further supports our idea that the context in which we test these relationships is indeed of importance for the relationship between openness and innovation.
Finally, we included the interaction terms between breadth, breadth squared, depth, depth squared and regional knowledge availability. In order to get a better insight into the exact relationship between openness, regional knowledge availability and innovative performance, we plotted the relationship between openness and innovation for different levels of knowledge availability (see figure three and four). The three plotted curves indicate the relationship between openness (breadth in figure three and depth in figure four) and innovation for regions with the minimum, the mean and the maximum amount of regional knowledge availability, using standardized variables.
We expected that regional knowledge availability would moderate the relationship between external search breadth and innovation, such that the inverted U-shape becomes flatter and could even turn negative when regional knowledge availability decreases. The results reveal that indeed the relationship between search breadth and innovative performance has an inverted U-shape for regions in which knowledge availability is high (see figure three) . The results also indicate that the relationship between breadth and innovation is moderated by regional knowledge availability. Yet, surprisingly, the inverted U-shape curve soon converts into a U-shape curve if knowledge availability is lower. This result suggests that in areas where a lot of knowledge is available, it is beneficial to use an external search breadth strategy. In all other situations, the costs of external search breadth are higher than the benefits, resulting in a negative relationship with innovative output. To check if the results between the inverted Ushape in regions where knowledge availability is high, significantly differ from the U-shape relationship found in regions where knowledge availability is moderate or low, we checked the confidence intervals. We plotted the confidence intervals of the curves of breadth at different levels of regional knowledge availability (available upon request). Because the confidence intervals do not overlap at the bounded parts, we conclude that the relationship between breadth and innovation if regional knowledge availability is high, is significantly different from the relationship in the case if regional knowledge availability is average or low.
-
----------------------------------INSERT FIGURE 3 HERE -----------------------------------
Thus, these results partly support our first hypothesis, in which we stated that an inverted U-shaped relationship between search breadth and innovation will be flatter in regions where regional knowledge availability is lower and could even turn into a negative relationship if knowledge availability is really low. We encounter that the relationship between breadth and innovation is indeed contingent on the available knowledge within the region. Yet, only if regional knowledge availability is really high, it pays off to use search breadth, in all other cases it is better to be closed for innovation. In these cases, introducing search breadth, results in lower innovative output at every level of search breadth.
Considering the interaction with regional knowledge availability and depth, we find that the moderating effect of regional knowledge availability on the relationship between depth and innovative performance is significant, while the moderating effect on depth squared and innovative performance is not significant. To get more insights in these results and the marginal effects, the results have been graphically expressed in figure four. We standardized depth and regional knowledge availability and plotted the relationship between depth and innovation for the minimum, mean and maximum of regional knowledge availability. In order to check whether the scenarios significantly differ from each other, we plotted the curves with confidence intervals (for convenience not shown here, but available upon request). At the negative values of standardized search depth, the confidence intervals overlap partly. From standardized values of zero onwards, the confidence intervals do not overlap anymore,
indicating that the situations differ significantly from each other (confidence interval of 95%).
As phrased in hypothesis two, we expected that regional knowledge availability would moderate the inverted U-shaped relationship between depth and innovative performance in such a way that the curve will be flatter and the peak will occur sooner if regional knowledge availability decreases. The results reveal that regional knowledge availability indeed moderates the relationship between search depth and innovative performance. However, for regions where knowledge availability is high, we do not find the expected inverted U-shaped relationship, but a positive relationship between depth and innovative performance. This indicates that higher regional knowledge availability dampens the downward sloping part of the relationship between depth and innovative performance. It suggests that over search and the costs associated with search depth do not overwhelm the benefits of search depth in regions where knowledge availability is high. This is more in line with previous results found in Taiwan by Chiang and Hung (2010) , which revealed a positive relationship between search depth and incremental innovations. If regional knowledge availability is lower, we observe the inverted U-shape and that the relationship between depth and innovation is flattened. If regional knowledge availability is low, the positive effects of external search depth on innovative performance are really small and soon become negative if the level of search depth increase. Hence, these results indicates that if regional knowledge availability is lower, the positive effect vanishes and the relationship between innovative output and external search depth even turns negative from a certain level of depth onwards. Despite open innovation's increasing prominence in both practice and research, the role of the context in which open innovation is conducted is not well investigated (Huizingh, 2011; West and Borgers, 2013) . We contribute to this gap in the literature. Using a unique dataset that measures firm-level openness and regional knowledge availability in five developing countries, we show that firms located in regions where regional knowledge availability is lower, are more innovative when they are not using search breadth and only really low levels of search depth.
CONCLUSION
This indicates that in some environments it is better to be closed for innovation. These results contrast most previous research about open innovation, which highlighted the benefits and the positive relationship with innovative performance.
The findings result in several contributions. First, we contribute to the open innovation literature by showing that regional knowledge availability strongly influences the relationship between openness and innovation. Previous studies have shown that openness is beneficial for innovation (e.g. Chiang and Hung, 2010; Garriga et al., 2013; Laursen and Salter, 2006) , while others pointed out that there are also disadvantages of openness (Dahlander and Gann, 2010; Faems et al., 2010) . Our study indicates that this relationship is contingent on the context in which the firm is active. Some recent studies, focused on the moderating role of dynamism or turbulence within the environment (Cruz-González et al., 2015; Hung and Chou, 2013 ). Yet, we show that when considering open innovation, an even more salient contextual aspect are the external ideas to which a firm is opening up to. The external sources provide the firm with new ideas and help achieve innovation. Hence, if external knowledge sources are lacking, openness has a less favorable effect. Our study provides evidence that knowledge availability is indeed a regional characteristic that is of significant importance for the value of openness. Interestingly, our results indicate that openness can even be a harmful strategy. The moderation effect of regional knowledge availability results in a negative relationship between external search breadth and innovation. In regions where knowledge availability is lower, using search breadth has more costs than benefits. These findings support the recent literature that stresses the downsides of openness (Cruz-González et al., 2015; Dahlander and Gann, 2010; Huizingh, 2011; West and Bogers, 2013) . This implies that search breadth should not be used in environments where external knowledge availability is lower. Especially in the context of developing countries, search breadth could be less useful than in developed countries.
Considering search depth, the results also support the idea that the context influences the relationship between depth and innovation. It flattens the relationship between the two factors.
At low levels of search depth, the innovative performance increases at every level of regional knowledge availability. However, at high levels of search depth, the innovative performance decreases if knowledge availability is lower. This result points into the direction that deep linkages are more beneficial to share information and knowledge than weak linkages as with search breadth. Deep linkages spur the process of innovation. This is in line with previous studies that highlighted the importance of linkages in developing countries (Egbetokun, 2015; Goedhuys, 2007) . Search depth seems to be a better strategy to enhance innovative performance than search breadth, which only had a positive effect if regional knowledge availability is high.
Thus search depth seems to be a better strategy to cope with the environment than search breadth in these contexts.
Finally, this study adds to the generalizability of the relationship between openness and innovation outcomes. Our findings indicate that also in non-Western countries, there is evidence for the hypothesized inverted U-shaped relationship. Yet, and more importantly, it also shows that this relationship only holds in regions where knowledge availability is high, which is comparable to the Western context. In our sample, only one region has a level of R&D comparable to Sweden, which implies that regional knowledge availability differs significantly in our sample compared to highly developed countries. The region in our sample with the highest level of R&D has also the highest score on regional knowledge availability and thus shows a similar relationship in openness and innovation as found in developed countries.
However, in regions where knowledge availability is lower, the relationship between openness and innovation is less straightforward, in particular for search breadth. As such, our findings
show that the theoretical arguments underlying the inverted U-shaped relationship are only valid in contexts where regional knowledge availability is high. In regions where knowledge availability is lower, the relationship between openness and innovation becomes less pronounced and for search breadth even turns negative. Hence, the context should be considered explicitly when establishing a relationship between openness and innovation. This indicates that the concept of openness is not one to one replicable in a different context and collaboration with other partners could result in lower innovative performance.
This study is one of the first attempts to explore the concept of open innovation in different contextual settings. We theorized how the latent costs and benefits would be affected by regional knowledge availability, but our empirical analysis does not measure the cost and 
